Abstract A patient known to have renal insufficiency was admitted to the hospital with fever and pancytopenia after returning from a trip to Mali. Pancytopenia was not caused by a tropical infection but was a side effect of atovaquone/ proguanil used as malaria chemoprophylaxis. High and prolonged detectable proguanil serum levels can result in bone marrow suppression in patients with renal insufficiency. This should be taken into account in a returning traveller with fever and pancytopenia.
To the Editor, An increasing number of people with chronic diseases travel to malaria endemic areas. Atovaquone/proguanil (Malarone) 250/100 mg is being used as one of the first choice agents for malaria chemoprophylaxis but is contraindicated in people with glomerular filtration rate (GFR) <30 ml/min.
We saw a 49-year old woman with diarrhoea, fever and pancytopenia after a 2-week trip to Mali. She was known to have hypertrophic cardiomyopathy and chronic renal insufficiency (estimated GFR 36-50 ml min The clinical diagnosis was gastroenteritis but leptospirosis, malaria, dengue and typhoid fever were also considered because of pancytopenia. Malaria thick smear and blood cultures were negative. She was rehydrated, and 2 days later she was treated with clarithromycin according to the fecal culture that grew Campylobacter jejuni. She recovered slowly, and after 2 weeks her hemoglobin level gradually increased to 8.9 mmol/l, leucocytes to 5.6×10 9 /l and thrombocytes to 150×10 9 /l. By exclusion, pancytopenia was ascribed to proguanil toxicity, likely because of deteriorated renal function by dehydration due to gastroenteritis. Afterwards, serum levels of proguanil were measured. The results are outlined in Fig. 1 . The calculated half-life of proguanil was over 26 h being twice as long as in healthy subjects [1] . In addition, the CYP2C19 enzyme was genotyped as this is known to be involved in proguanil metabolism. The patient is heterozygotic for the defect *2 allele of CYP2C19, which is associated with a mildly decreased metabolic capacity. This may have partly contributed to the prolonged elimination half-life of proguanil (Fig. 1) , but not its toxicity [2] .
Proguanil and its metabolite cycloguanil reduce the activity of the enzyme dihydrofolate reductase. This prevents the development of schizonts and inhibits the primary and secondary exo-erythrocytary forms of malaria [3] . In humans, the enzyme dihydrofolate reductase catalyzes the reduction of folic acid to dihydrofolate and tetrahydrofolate [4] . In healthy persons, proguanil levels are negligible for causing bone marrow suppression but sufficient for antimalarial activity as proguanil's affinity for the plasmodial enzyme is over 100 times greater than for the human enzyme [5] . However, high and prolonged detectable serum levels of proguanil and cycloguanil can also reduce the activity of the human enzyme causing depletion of intracellular tetrahydrofolate leading to anemia, leucopenia and thrombocytopenia. Proguanil is mainly metabolized by CYP2C19 to cycloguanil and 4-chlorophenylbiguanide [1, 5] . Both proguanil and cycloguanil are excreted by the kidneys and renal insufficiency is thus associated with proguanil toxicity [3] . Therefore atovaquone/proguanil is contraindicated in patients with a glomerular filtration rate <30 ml/min [3] .
The development of pancytopenia due to proguanil is rare. However, pancytopenia in a returning traveller with fever will usually be ascribed to the cause of the febrile illness and thus the possibility of proguanil toxicity might be overlooked. With increasing numbers of travellers with coexisting conditions, such as renal insufficiency, going to malaria endemic areas, hematologic side-effects of proguanil might arise more frequently.
Based on this case history, we recommend such chemoprophylaxis should be discontinued once a traveller presents with pancytopenia. In addition, this case highlights the importance of pre-travel counselling in subjects with renal insufficiency especially once travellers' diarrhoea occurs.
Open Access This article is distributed under the terms of the Creative Commons Attribution Noncommercial License which permits any noncommercial use, distribution, and reproduction in any medium, provided the original author(s) and source are credited. Fig. 1 Elimination curve of proguanil levels in the patient compared to elimination curve of healthy subjects [1] . Extensive metabolizers have normal metabolic capacity of CYP2C19, a key enzyme involved in the metabolization of proguanil to cycloguanil. Poor metabolizers have decreased metabolic capacity of CYP2C19. The expected elimination curve of the patient would be between the curves of poor and extensive metabolizers, but because of impaired excretion due to renal insufficiency the elimination curve is shifted to the right. T=0: time of last tablet of atovaquone/proguanil
